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(54) ANTIREFLECTING ANTISTATIC FILM AND DISPLAY DEVICE USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To decrease residual stress in an upper lower refractive index layer and to obtain an antireflecting 
antistatic film having high strength by specifying the concn. of alkyl groups in the low refractive index layer. 
SOLUTION: This antireflecting antistatic film consists of a transparent antistatic layer containing conductive ultrafine particles 
and a low refractive index layer on the antistatic layer. This low refractive index layer is produced from a silica sol soln. 
containing silicon alkoxide expressed by R3-Si-CnH2n+1 having lower alkyl groups bonded to the Si skeleton and has lower 
refractive index than that of the antistatic layer. The concn. of alkyl groups in the low refractive index layer is 7 to 30wt.%. In 
formula, R is an alkoxy group and n is an integer 1 to 4. The silicon alkoxide of the formula as the material of the low refractive 
index layer has a silica skeleton and alkyl groups such as methyl groups and ethyl groups directly bonded to Si. As for the 
alkoxy group expressed by R, ethoxy groups are preferable. In this case, the residual stress in the low refractive index layer of 
the antireflecting antistatic film is <5dyn/cm2. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A formula which is a reflective antistatic film formed in a display panel face of a display, and a low-grade alkyl group 
linked directly on a transparent antistatic layer at Si skeleton including ultrafine particle powder of conductivity [ film / this / 
reflective antistatic ] [1] 
[Formula 1] 

H 2n of R 3 -Si-C n +1 ~~ W 

(it being formed from the silica sol solution containing the silicon alkoxide R is shown by the alkoxy group among a formula and n 
is indicated to be by integer) of 1-4, and, The reflective antistatic film which the low refractive index layer of the low refractive 
index is laminated rather than said antistatic layer, and is characterized by the concentration of the alkyl group in said low 
refractive index layer being 7 to 30 % of the weight. 

[Claim 2]The reflective antistatic film according to claim 1 whose conductive ultrafine particle powder of said high refractive 
index layer is ^03, Sn02, or ZnO. 

[Claim 3]The reflective antistatic film according to claim 1 whose remaining stress of a film in a low refractive index layer of said 
reflective antistatic film is below 5 dyn/cm 2 . 

[Claim 4]The reflective antistatic film according to claim 1 whose surface roughness of said reflective antistatic film is below 
Ra=250A. 

[Claim 5]A formula which a low-grade alkyl group linked with a display panel face of said display directly on a transparent 
antistatic layer at Si skeleton in a display which displays by modulating emitted light or catoptric light including conductive 
ultrafine particle powder [1] 
[Formula 2] 

H 2n of R 3 -Si-C n +1 " M 

(it being formed from the silica sol solution containing the silicon alkoxide R is shown by the alkoxy group among a formula and n 
is indicated to be by integer) of 1-4, and, A display, wherein the low refractive index layer of the low refractive index is laminated 
rather than said antistatic layer and the concentration of the alkyl group in said low refractive index layer provides the reflective 
antistatic film which is 7 to 30 % of the weight. 

[Claim 6]The display according to claim 5 whose conductive ultrafine particle powder of said high refractive index layer is 1^03, 
Sn0 2 , or ZnO. 

[Claim 7]The display according to claim 5 whose remaining stress of a film in a low refractive index layer of said reflective 
antistatic film is below 5 dyn/cm 2 . 

[Claim 8]The display according to claim 5 whose surface roughness of said reflective antistatic film is below Ra=250A. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]It is related with the display using the reflective antistatic film and it which are formed in the face plate 

surface of displays, such as a cathode-ray tube (CRT) and a liquid crystal display (LCD). 

[0002] 

[Description of the Prior Art]On those faceplate sides, a reflective antistatic film has come to be formed with highly-efficient- 
izing of displays, such as CRT and LCD. 

[0003]As a formation method of these reflective antistatic films, although there are also techniques, such as a sputtering 
technique and a vacuum deposition method, the applying method which uses solutions, such as a sol gel process, from a 
viewpoint of the present cost is in use (JP,6-234552,A). 

[0004]The solution which distributed ultrafine particles which have conductivity, such as Sn02 and ^03, is applied, and after 
membrane formation, this forms silica membrane on it, considers it as a cascade screen, ranks second, it is heat-treated and 
hardens a film. As for this film, since a high refractive index and a lower layer serve as a cascade screen of a low refractive 
index, the upper layer can reduce catoptric light using the cross protection of light. 

[0005]A lower layer low refractive index layer has an effect of the prevention from electrification in order to include the 
conductive ultrafine particle. For this reason, it has two effects, acid resisting and the prevention from electrification. 
[0006] 

[Problem(s) to be Solved by the Invention]An acid-resisting function and an antistatic function reveal the above-mentioned 
cascade screen produced by the sol gel process with the silica membrane formed in the upper layer, and a lower layer conductive 
film. 

[0007]As a mechanism which this reflective antistatic function reveals, The silica sol solution by which the spin coat was carried 
out to the upper layer sinks in into a lower layer ultrafine particle layer, A conducting path is formed by adhesion of ultrafine 
particles in a membranous hardening process, an antistatic function is revealed, the adhesion of an ultrafine particle layer to CRT 
glass is raised, rather than a lower layer, in the silica layer of a low refractive index, the cross protection of light arises conjointly 
with the lower layer of a high refractive index, and an acid-resisting function is revealed. 

[0008]however, this — silica — since the contraction hardening action of sol is used, there are the following problems. 
[0009]It is that remaining stress occurs in a film by the cure shrinkage of the upper silica membrane, and membranous intensity 
falls. It is that shape of the minute unevenness is carried out to the surface of the upper silica layer reflecting the shape of a 
lower layer ultrafine particle layer at the time of cure shrinkage. That is, the surface smoothness of an ultrafine particle layer in 
which a lower layer ultrafine particle is formed since particle diameter has tens to hundreds of A distribution becomes uneven. 
Since the uneven shape of this lower layer was reflected in the silica layer formed in the upper layer and minute unevenness 
arose on the surface, it did not become what has the uniform performance as an antireflection film. Film strength was also weak 
because of remaining stress. 

[0010]The purpose of this invention was made in order to solve the above-mentioned technical problem, its film strength is high, 

and there is in providing the reflective antistatic film which was excellent in reflective antistatic performances. 

[001 1]Other purposes of this invention are to provide the display which provided the above-mentioned reflective antistatic film. 

[0012] 

[Means for Solving the Problem]The gist of this invention which attains said purpose is as follows. 

[0013](1) A formula which is a reflective antistatic film formed in a display panel face of a display, and a low-grade alkyl group 

linked directly on a transparent antistatic layer at Si skeleton including ultrafine particle powder of conductivity [ film / this / 

reflective antistatic ] [1] 

[0014] 

[Formula 3] 

H2n of R 3 -Si-C n +1 ~~ 

(it being formed from the silica sol solution containing the silicon alkoxide R is shown by the alkoxy group among a formula and n 
is indicated to be by integer) of 1-4, and, The reflective antistatic film which the low refractive index layer of the low refractive 
index is laminated rather than said antistatic layer, and is characterized by the concentration of the alkyl group in said low 
refractive index layer being 7 to 30 % of the weight. 

[0015](2) Said formula which the low-grade alkyl group linked with the display panel face of said display directly on the 
transparent antistatic layer at Si skeleton in the display which displays by modulating emitted light or catoptric light including 
conductive ultrafine particle powder A display, wherein it is formed from the silica sol solution containing the silicon alkoxide 
shown by [1], the low refractive index layer of the low refractive index is laminated rather than said antistatic layer and the 
concentration of the alkyl group in said low refractive index layer provides the reflective antistatic film which is 7 to 30 % of the 
weight. 

[001 6]Conductive ultrafine particle powder of said high refractive index layer is ^03, Sn02, or ZnO. 

[001 7]Remaining stress of a film in a low refractive index layer of said reflective antistatic film is as follows [ 5 dyn/ cm 2 ]. 

[0018] 

[Embodiment of the Invention]By making concentration of the alkyl group in a low refractive index layer into 7 to 30 % of the 



weight, the remaining stress of the upper low refractive index layer can decrease, and, thereby, the reflective antistatic film by 
which the low refractive index layer/high refractive index layer formed on said display were laminated can obtain the reflective 
antistatic film of high intensity. This is because the alkyl group which has flexibility exists in a film. 

[0019]Said formula as a material of the above-mentioned low refractive index layer The silicon alkoxide shown by [1] makes silica 
a main skeleton, and alkyl groups, such as a methyl group, an ethyl group, a propyl group, and a butyl group, link it with Si directly. 
As an alkoxy group shown by R, an ethoxy basis is preferred. 

[0020]The amount of terminal hydroxyl groups of the inorganic polymer which exists in that sol solution is adjusted with the 
above-mentioned alkyl group, and the hydrogen bond between inorganic polymer can weaken this low refractive index layer 
material. For this reason, it becomes easy to move inorganic polymer at the time of heat treatment, and heat flow rate kinesis is 
shown. Since that to which the quantity of the terminal hydroxyl groups of inorganic polymer is not adjusted has the strong 
hydrogen bond between inorganic polymer, it does not show heat flow rate kinesis. 

[0021]In order that this low refractive index layer material may show heat flow rate kinesis by 100-200 ** heat treatment, 
flattening of the unevenness of the surface at the time of a spin coat is carried out, and the surface roughness as a reflective 
antistatic film decreases. 

[0022]It is easy to sink in into a lower layer ultrafine particle layer with heat flow rate kinesis, adhesion of ultrafine particles, such 
as SnC>2 which has conductivity, and ^03, improves more, and conductivity improves. Antistatic characteristics will become 
good by this conductive improvement. 

[0023]Since the contraction stress of the film produced in the case of the cure shrinkage of the upper low refractive index layer 
is eased by heat flow rate kinesis further again, the remaining stress in a film decreases and membranous intensity improves. 
However, as for the concentration, since the hardness of the film itself will decrease if the concentration of the alkyl group which 
exists in a film is too high, 7 to 30 % of the weight is preferred. 

[0024]Thus, high intensity and a highly efficient reflective antistatic film can be obtained. The display which was excellent in 

reflective antistatic characteristics can be provided by forming this reflective antistatic film in the display panel face of displays, 

such as CRT and LCD. 

[0025] 

[Example] 

[Example 1] By the mole ratio, it mixed at a rate of 1:12:45:0.25, and a tetraethoxysilane, water, ethanol, and nitric acid were 
stirred for 4 hours. 

[0026]Subsequently, the silica sol solution which carries out equimolecular amount addition to a tetraethoxysilane, makes 
trimethylsilyl chloride react to this reaction solution at 50 ** for 2 hours, and contains said silicon alkoxide in it was prepared. 
This silica sol solution is used for production of the silica membrane of a low refractive index layer. 

[0027]The 1TO (Indim Tin Oxide) ultrafine particle (mean particle diameter of 50-500A) was distributed in the solution of 5:3:2 
(volume ratio) of ethanol, isopropanol, and methyl ethyl ketone, and the dispersion liquid of 1 % of the weight of concentration 
were prepared. The spin coat of these ITO dispersion liquid was carried out at 160 rpm on the glass substrate (10-cm angle), and 
60 ** dried for 5 minutes, 

[0028]On this ITO ultrafine particle layer, the spin coat of said silica sol solution was carried out at 160 rpm. This cascade screen 
was heat-treated for 30 minutes at 1 60 **. 

[0029]The surface reflectance of the above-mentioned cascade screen was 0.8% (570 nm), and surface resistance was 7x10 
4 omega/**. 

[0030]The hardness of the surface of this cascade screen was 300 times or more by the rubber examining method, usually, the 
silica used — the rubber test result of the film which produced sol (an alkyl group is not included) in the similar way was about 
200 times. 

[0031]The type section figure of the reflective antistatic film formed on the glass substrate is shown in drawin g 1 . compared with 
the surface 5 of elegance, the display flatness is boiled markedly and the surface 4 of this example article is conventionally 
excellent in it. Surface roughness Ra is Ra=260A in elegance conventionally to being Ra=150A in this example article. 
[0032]With the same technique as what was produced on the above-mentioned glass substrate, membranes were formed on the 
silicon wafer (3 inches in diameter), and membranous remaining stress was calculated from the modification cambered amount of 
the silicon wafer. 

[0033]the remaining stress of the film by this example is 5 dyn/cm 2 — the conventional silica — compared with membranous 40 
dyn/cm 2 using sol, since the remaining stress in ******** and a film is markedly small, it turns out that membranous intensity is 
improving. CH concentration of the alkyl group of the result of having conducted ultimate analysis of the upper silica membrane 
was 11.0%. 

[0034]Even if it used the ultrafine particle of Sn0 2 and ZnO other than the above ITO, the film which has an antistatic function 
similarly was obtained. 

[0035][Example 2] Said formula The result of having investigated the kind of alkyl group of the silicon alkoxide shown by [1], and 
the film strength and film display flatness which the concentration does is shown in Table 1. The used silicon alkoxide produced 
the silicon ethoxide by which each alkyl group was replaced like Example 1, and formed and measured the reflective antistatic 
film like Example 1. 

[0036]The above-mentioned film strength showed 300 times or more by rubber examination, and showed O and less than 200 
times by x. O showed more than =150A, ** showed less than 150A - 100 A, and, as for surface display flatness, surface 
roughness Ra showed less than 100 by x. 

[0037]As shown in a table, all of an alkyl group have 7 to 30% of the weight of a desirable range from film strength, and 7 to 10% 
of the weight of the range is preferred in film display flatness. 
[0038] 
[Table 1] 
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[0039] [Example 3] the silica prepared in Example 1 — sol — the reflective antistatic film was formed in the panel surface of a 
17-inch cathode-ray tube (CRT) by the same method as Example 1 using liquid and ITO dispersion liquid. 
[0040] Drawing 2 is a type section figure of CRT which has the electron gun 6, the panel glass 7, the antistatic film 8, and the 
silica membrane 9. 

[0041]The panel glass 7 of 17-inch CRT is rotated at 160 rpm, and the spin coat of 100 ml of the ITO dispersion liquid was 
dropped and carried out on this. Subsequently, it dried for 5 minutes at 60 **. 

[0042]On this ITO ultrafine particle layer, 100 ml was dropped, the spin coat of the silica sol solution prepared previously was 
carried out at 160 rpm, the cascade screen was formed, and this was heat-treated for 30 minutes at 160 **. The surface 
reflectance of this film was 0.9% (570 nm), and surface resistance was 9x10 4 omega/**. Membranous intensity and surface 
smoothness were equivalent to what was produced in Example 1. 

[0043]The reflective antistatic film of this invention formed on the CRT panel side does not have change of the reflectance of a 
membrane surface, either, and the good thing was obtained. 

[0044][Example 4] the silica prepared in Example 1 — sol — the reflective antistatic film was formed by the same method as 
Example 1 on the panel surface of a liquid crystal display (LCD) using liquid and ITO dispersion liquid. 

[0045] Drawing 3 is the antireflection film 10, the antistatic film 1 1 , the polarization film 12, the crow board 13, the light filter 14, 
the organic protective film 1 5, the transparent conducting film 1 6, the interlayer insulation film 1 7, the orienting film 1 8, and a 
type section figure of the LCD panel which has the liquid crystal 19. An LCD panel changes the orientation of the liquid crystal 
19 by an electric field, and displays by modulating catoptric light or the emitted light from a back light. 
[0046]Since the polarization film 12 which becomes an LCD panel from an organic matter was formed, heat treatment 
temperature was carried out for 30 minutes at 90 **. 

[0047]The surface reflectance of this film was 1.1% (570 nm), and surface resistance was 4x10 5 omega/**. Membranous intensity 
and surface smoothness were equivalent to what was produced in Example 1. 

[0048]The reflective antistatic film of this invention formed on the LCD pane! side does not have change of the reflectance of a 

membrane surface, either, and the good thing was obtained. 

[0049] 

[Effect of the Invention]According to this invention, high intensity and the reflective antistatic film which was excellent in film 
surface smoothness can be provided. A highly efficient display can be provided by forming this reflective antistatic film in the 
display panel surface of CRT and LCD. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a type section figure of the reflective antistatic film formed on the glass substrate. 
[Drawing 2] It is a type section figure of the cathode-ray tube of this invention. 
[Drawing 3] It is a type section figure of the liquid crystal display of this invention. 
[Description of Notations] 

1 [ — The surface of this example article, ] — A glass substrate, 2 — An ITO ultrafine particle, 3 — Silica membrane, 4 5 [ — 
An antistatic film, 9 / — Silica membrane, 1 0 / — An antireflection film, 1 2 / — A polarization film, 1 4 / — A light filter, 15/ — 
An organic protective film, 16 / — A transparent conducting film, 17 / — An interlayer insulation film, 18 / — An orienting film, 
19 / — Liquid crystal. ] — The surface of the conventional article, 6 — An electron gun, 7 — Panel glass, 8 
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